Abstract-The temperature dependence of the magnetic viscosity coefficient (Sv), the activation volume (Vact) and the coercivity (Hc) were examined for CoCrTa/Cr and CoCrPtTa/Cr thin films in the temperature range from 200 to 423 K. This experiment shows that the medium noise measured for 150 kFCI is approximately proportional to kT/Sv (=Vact X Ms) at 298K. kT/Sv and the temperature variation of coercivity (dHc/dT) increase with increasing temperature. The relationship, HA/50Sv > 1 was obtained from the thermal stability of magnetization, where HA is the anisotropy field. However, in practice one must compare Hc instead of HA with 50Sv. The factor Hc/50Sv, a measure of the thermal stability of the magnetization, was close to 1.3 -1.7 at 373 K.
I . INTRODUCTION
In recent years, there has been a growing interest in reducing the average grain volume (V) and the intergranular interactions in thin films for longitudinal recording in order to achieve high density recording of more than 10 Gbit/inch 2 . For further reductions in V, the magnetic viscosity, which is caused by thermal fluctuation [I,2] , affects the thermal stability of the magnetic properties and the recording characteristics. It is particularly important to study the limit of V for high density recording. The magnetic viscosity coefficient (Sv) , which is equivalent to the fluctuation field (Hf) [2] , is one of the important factors which determine the magnetic stability. The magnetic viscosity in recording media belongs to the Jordan-type aftereffect and is known to depend on Sv, the irreversible susceptibility (Xirr) and the logarithm of time (In t) [1, 2] . When the change in magnetization ( 11 1\1) from time tl to t2 is considered, Sv can be expressed using the following equations [1] [2] [3] [4] : Sv= 11 M/{Xirr (In tl -In t2)} =kT/( a El a Hh=kT/(Vact Ms) (1) where k is the Boltzmann constant, T is the absolute temperature, E is the activation energy, H is the magnetic field, Vact is the activation volume and Ms is the saturation magnetization.
This paper reports on the temperature dependences of Sv, Hc and Ms, and by extension, ofkT/Sv (=Vact X Ms), the temperature variation of coercivity (dHcl dT) and Hc/50Sv for CoCrTa/Cr and CoCrPtTa/Cr thin films (with different thickness, (j , of the magnetic layer) in the temperature range from 200 to 423 K. Also, the relationship between the medium noise and kT/Sv was investigated at 298 K.
IT . EXPERIMENTAL Table 1 shows (j (obtained by TEM), Hc, remanence thickness product (Br (j ) and coercivity squareness (S *) measured using a vibrating sample magnetometer (VSM) in circumferential direction for thin film media at 298 K. The ratio of Cr in CoCrTa and CoCrPtTa thin films in this experiment, increases in the order of sample A to B to C. Circular samples having a diameter of 7 mm were prepared for this experiment. Mter the application of 20 kOe, the samples were subjected to a constant H for 1000 s and 11 M was measured using a highly sensitive VSM [5] . The stability of VSM was within 1 X 10.
5 emu for 40 min. The reversible susceptibility (Xrev) and the total differential susceptibility (Xtot) were also measured using a VSM [5] . Xirr can be expressed as : Xtot -Xrev. Sv was calculated using Eq.(I). The rotational hysteresis loss (ytlr) was measured using a highly sensitive torque magnetometer to study the anisotropy field (HA) [6] . Wr falls to zero above the HA. An extrapolation of the decreasing Wr yields an intercept with the abscissa that characterizes the largest anisotropy field of the material [6] . The medium noise was measured using a spectrum Xirr. The range in which Sv for all samples stays constant with the magnetic field is wide at each temperature. The medium noise level at 298 K for samples A, B and C measured at 150 kFCI were found to be 6.6, 4.8 and 3.4 J.L Vrms respectively. This experiment shows that the medium noise at 298 K is approximately proportional to kT/Sv (=Vact X Ms, with reference to the portion of Fig. 1 in which Sv is independent of the magnetic field) as shown in Fig.  2 , which is in agreement with the result of Yam an aka et al. [7] . This result indicates that the medium noise decreases as the value of Sv increases. It is generally accepted that as the intergranular interactions are reduced by increasing the ratio of Cr, the medium noise decreases in these thin films. This was also confirmed here. The value of Hc for all samples decreases as the temperature increases, as shown in Fig. 3 298 K for these thin films. Fig. 4 shows the temperature dependence of dHc/dT obtained using the values shown in Fig. 3 . The value of dHc/dT increases with the increase in temperature between near 250 K and 423 K for all samples. Fig. 5 shows the temperature dependence of Sv using the data presented in Fig. 1 . In CoCrTa/Cr thin fIlms (sample A), the value of Sv increases with the increase in the temperature between 200 K and near 373 K, and decreases beyound that. For CoCrPtTa/Cr thin films (samples B and C), the value of Sv is maximized near 300 K. It is possible that the value of Sv decreases with increasing intergranular interactions due to the decrease in HA. larger than that at 300 K for these thin films. The author previously reported that larger kT/Sv (=Vact X Ms) values are necessary for small dHc/dT values in high Hc materials [8] . However, as the author mentioned before (in Fig. 2) , the medium noise increased with kT/Sv. Thus, the optimum value of Hc should be obtained by choosing appropriate Sv values.
The critical volume (Vc) for superparamagnetism can be expressed as: Vc=50kT/(HA Ms) [9] , where HA, which obtained from Wr in this experiment and 0.49 respectively. As HA is an ideal quantity, in practice one must compare Hc instead of HA with 50Sv for the thermal stability of magnetization. Fig. 7 shows the temperature dependence of the factor Hcl 50Sv, a measure of the stability of the magnetization, for all samples in the temperature between 200 K and 423 K. The value of Hc/50Sv at 373 K for sample A, Band C were 1. 7, 1.4 and 1. 3 respectively. It is generally accepted that the logarithm of Sv varies in proportion to In Hc according to Barbier's relation [10] [11] [12] . This equation emphasizes the difficult nature of the challenge, which is to develop media with high Hc and small Sv values for longitudinal high-density recording media.
N. CONCLUSIONS
This paper reported on the experimental results for the temperature dependences of Sv, kT/Sv, Hc, dHcl dT and Hc/50Sv for CoCrTalCr and CoCrPtTalCr thin films in the temperature range from 200 to 423 K. Also, the relationship between the medium noise and kT/Sv was examined at 298 K. The results are summarized as follows:
1) The medium noise at 298 K was approximately proportional to kT/Sv (=Vact X Ms).
2) kT/Sv and dHc/dT increased with increasing temperature between near 250 K and 423 K.
3) Sv was maximized between 300 K and 360 K and kT/Sv increased markedly above 330 K.
4) The factor Hc/50Sv, a measure of the thermal stability of the magnetization, was between 1.3 and 1.7 at 373 K. The generally accepted Barbier's relationship, In Sv ex: In Hc, emphasizes the difficult nature of the challenge, which is to develop media with high Hc and small Sv values for longitudinal high-density recording media. An investigation of the magnetic viscosity in perpendicular recording media may present the possibility of decreasing both kT/Sv and dHc/dT at the appropriate Hc levels.
